Background To report the risk of cataract progression among primary angle closure suspects (PACS) 6 years after they underwent laser peripheral iridotomy (LPI). Methods In the Chennai Eye Disease Incidence Study, 6 years after their baseline evaluation, 4421 subjects were examined again. As part of a detailed evaluation cataract was graded using the Lens Opacities Classification System II; progression was defined as change of cataract by two or more grades or history of cataract surgery in the 6-year period. Only bilaterally phakic subjects with less than N2 or C2 or P2 cataract at baseline with no history of any form of glaucoma, primary angle closure and pseudoexfoliation were included. Results There were 3205 eligible subjects. Of these, 190 had undergone LPI for PACS. In comparison to the study population, they were significantly older ( p<0.001), female ( p=0.008), urban residents ( p=0.001) and patients with hypertension ( p<0.001). During the intervening period, 53 subjects had undergone cataract surgery. The cataract progression rate was significantly greater (OR 1.7, 95% CI 1.3 to 2.4, p<0.001) in those who had undergone LPI. For the study population the baseline risk factors for progression of cataract were age ( p<0.001), female gender ( p=0.01), diabetes ( p<0.001) and LPI ( p<0.001). Diabetes and female gender were significant risk factors for nuclear and cortical cataract progression; LPI was a risk factor only for cortical cataract (OR 1.6, 95% CI 1
Primary angle closure glaucoma (PACG) is a major cause for blindness worldwide. 1 2 Population based studies have been instrumental in highlighting that a large proportion of the elderly population in Asia will be having asymptomatic primary angle closure suspect (PACS). [1] [2] [3] [4] [5] Some of them progress to primary angle closure (PAC) or PACG. 6 7 Laser peripheral iridotomy (LPI) is the first line of treatment and it is known to eliminate the pupillary block mechanism in eyes with angle closure. Even though LPI is considered to be safe, there are reports of side effects such as visual symptoms, corneal endothelial changes and cataract progression. [8] [9] [10] While there is broad consensus that LPI is indicated for PAC or PACG the need for LPI for PACS is debateable. 11 Till the debate gets resolved with more robust data, one may have to look at the risk versus benefit of LPI for PACS in decision-making. Gathering knowledge about the possible side effects of LPI helps in appropriate decision-making for people with PACS. In this study we report the risk of cataract progression objectively, using changes in the Lens Opacity Classification System II (LOCS II) grading, 6 years following LPI for PACS, from a large population based study.
METHODS
The Chennai Glaucoma Study was designed to estimate the prevalence of glaucoma. 12 A sample size of 4758 was arrived at assuming an 85% response rate for an assumed 3% population prevalence of glaucoma with a relative precision of 25% and a design effect of 2. Four thousand eight hundred subjects, each from the rural and urban populations, were enumerated. Trained social workers performed the enumeration by carrying out a door-to-door survey. During enumeration, demographic information was collected. All eligible subjects were allotted a unique nine-digit identification number and were invited to come to the base hospital for detailed ophthalmic examination. The study was conducted between 2001 and 2004. From the enumerated cohort of 9600, 7774 (rural: urban−3924:3850) subjects participated in the study. Six years later (2007 and 2010), this cohort was examined again to determine the incidence and progression of the eye diseases-the Chennai Eye Disease Incidence Study. Participants from the baseline cohort were enumerated again by social workers and invited to undergo a detailed ocular examination at the base hospital. In case of refusals, the social worker made up to three household visits on different days to request them to come for the examination. In spite of this if they did not respond they were considered non-participants. The study was performed in accordance with the tenets of the Declaration of Helsinki after obtaining written informed consent. The examination protocols were similar for both the studies. The institutional review board approved the study.
Clinical examination
All participants underwent a detailed ophthalmic examination at a dedicated study facility at the base hospital. A detailed history was elicited pertaining to medical and ophthalmic problems. The eye examination consisted of measuring best-corrected visual acuity using logarithm of minimum angle of resolution 4-m charts (Light House Low Vision Products, New York, USA), slit lamp biomicroscopy, intraocular pressure (IOP) measurements using a Goldmann applanation tonometer (Zeiss AT 030 Applanation Tonometer, Carl Zeiss, Jena, Germany), gonioscopy (including indentation gonioscopy for narrow angles) using a four-mirror Sussman lens (Volk Optical, Mentor, Ohio, USA), grading of lens opacification at the slit lamp using LOCS II with minimum pupillary dilatation of 6 mm, detailed retinal examination with a binocular indirect ophthalmoscope using a +20-dioptre lens and stereoscopic evaluation of the optic nerve head using a +78 dioptre lens at the slit lamp. In brief, the grading of lens opacities by LOCS II was done with the slit beam that was set at the narrowest setting, at 45°to the visual axis at a height just overlapping the pupil and the beam was focused to the centre of nucleus. Retro illumination with the maximal red reflex was obtained keeping the illumination centred in or around the pupil. Lens opacities were compared with a standard set of photographs that was mounted and retro illuminated on a light box. According to photographic standards, the lens was graded in five grades of nuclear cataract (N0, NI, NII, NIII, NIV), five grades of posterior subcapsular cataract (PSC; P0, PI, PII, PIII, PIV) and seven grades of cortical cataract (C0, Ctr, CI, CII, CIII, CIV, CV) according to increasing severity. Experienced study ophthalmologists assessed all gradings. For the current study, we included only bilaterally phakic subjects with less than N2 or C2 or P2 cataract at baseline, and excluded subjects with any form of glaucoma, PAC and pseudoexfoliation.
Diagnostic definitions
The definitions of PAC disease were based on definitions suggested by the International Society of Geographical and Epidemiologic Ophthalmology (ISGEO) classification with a difference in the extent of closure required for disease classification.
13 PACS: an eye in which the posterior trabecular meshwork was not seen for >180°on gonioscopy; PAC: an eye with PACS and peripheral anterior synechiae and/or elevated IOP without glaucomatous damage of the optic disc; PACG: PACS with evidence of glaucoma as defined by ISGEO. Cataract progression was defined as change of cataract grade by two or more grades on LOCS II parameter or a history of cataract surgery in the interval between baseline evaluation and follow-up. A cataract too advanced to grade was also considered as a change in LOCS. Diabetes mellitus and systemic hypertension were defined based on current use of antidiabetic or systemic antihypertensive medication, respectively. Body mass index (BMI) was defined as weight in kilograms divided by the square of height in metres (kg/m 2 ). BMI categories were grouped as underweight (<18.5 kg/m 
STATISTICAL ANALYSIS
Statistical analysis was performed using SPSS V.15. Subjects were classified into four groups based on age at baseline-40-49 years, 50-59 years, 60-69 years, and 70 years and above. Figure 2 Cataract surgery rates in the study population among the different age groups. PACS, primary angle closure suspect; LPI, laser peripheral iridotomy. Parameters were assessed for normality, and comparison of variables between subjects with and without LPI for PACS was done using t-test for continuous variables and χ 2 test for categorical variables. Risk factors for progression of cataract were assessed using generalised estimating equation logistic regression incorporating age, gender, location of residence, LPI, BMI, occupation, literacy, smoking, smokeless tobacco use, alcohol consumption, diabetes mellitus and hypertension. Statistical significance was assessed at p <0.05 and ORs are presented with 95% CI.
RESULTS
Of the 7774 subjects examined at baseline, we could not contact 1752 subjects (rural: urban 877:875) since they migrated with no forwarding address. Of the 6022 subjects (rural: urban 3047:2975) who could be contacted/information was available, 590 persons were deceased. There were 5432 eligible subjects in the incidence cohort of which 4421 (rural: urban 2510:1911) responded and were examined again. The reasons for the nonparticipation included-refusal (145, 2.7%), migration (804, 14.8%) and being bedridden (62, 1.1%), (figure 1). The reproducibility of lens grading showed good agreement between study ophthalmologists (weighted κ>0.80).
At 6 years, the participants who met our criteria for analysis were 3205; out of this, 190 had undergone LPI for PACS at the baseline visit. The baseline characteristics of the study population are given in table 1. Subjects in the study group of LPI for PACS, were significantly older ( p<0.001), female ( p=0.008), urban residents ( p=0.001) and patients with hypertension ( p<0.001). Cataract progression as we defined was seen in 38.9% (95% CI 32.0% to 45.9%) of eyes among those who had undergone LPI at baseline compared with 23.1% (95% CI 21.6% to 24.6%) of eyes that had no intervention ( p<0.0001). During the 6-year follow-up, 53 subjects had undergone cataract surgery. Figure 2 provides the cataract surgery rates between two groups. Table 2 provides the data on progression of cataract. The cataract progression rates as per our definition were significantly higher in eyes that had undergone LPI for PACS. Figure 3 shows the progression of cataract in different age groups. While the progression of cataract increased with increasing age, rates were higher in the LPI group for cortical cataract and any cataract. On logistic regression (table 3), the baseline risk factors for progression of cataract for the entire study population were age ( p<0.001), female gender ( p=0.01), diabetes ( p<0.001) and LPI ( p<0.001). The odds for progression of cataract for the LPI for PACS group were 1.7 (95% CI 1.3 to 2.4). These four risk factors were further analysed for risk of progression for types of cataract (table 4). Diabetes and female gender were significant risk factors for nuclear and cortical cataract progression, whereas peripheral iridotomy was a risk factor only for cortical cataract (OR 1.6, 95% CI 1.1 to 2.3, p=0.007).
DISCUSSION
Traditionally prophylactic peripheral iridotomy is recommended for all PAC disease. In the era of surgical iridectomy, provocative tests were advocated for asymptomatic narrow angles for decision-making. With the introduction of laser, the practice has changed. The indications for LPI changed from acute attacks and positive provocative tests, to all anatomically narrow angles based on clinical examination without much dependence on provocative tests. This has been controversial especially in Asia since not all people with PACS will progress to PAC or PACG. 11 In the absence of strong supportive evidence of its utility in preventing disease progression, LPI is currently recommended, in Asia, for the perceived 'highest risk' groups for a large population with PACS due to limited healthcare resources. [8] [9] [10] Studies have evaluated the risk of cataract formation following LPI. The initial studies were based on visual acuity measurements, where a decrease in visual acuity was attributed to the cataract formation. With a mean follow-up of 1.8 years and 5 years, there was some visual loss attributable to cataract formation and this was comparable to the cataract formation following surgical iridectomy for angle closure. 14 15 In another report, with a short-term follow-up of 6 months, the visual loss attributable to cataract formation was 2.1%. 16 Lim et al 10 were the first to prospectively evaluate the changes in the lens opacity after LPI in fellow eyes of subjects with acute PAC. Using the LOCS III classification system they reported significant progression in 23.3% of eyes (95% CI 16.9% to 29.7%). In their series, progression of PSC occurred more often than the nuclear or cortical cataract. In the current study, nuclear cataract, cortical cataract, PSC and any type of cataract with cataract surgery was significantly more in the group that had undergone LPI for PACS in comparison to the rest of the study population. On logistic regression, the baseline risk factors for cataract progression were female gender, diabetes and LPI. The first two conditions were risk factors for the progression of all three types of cataract whereas LPI was a risk factor only for cortical cataract progression. In contrast to these reports, in a study from Mongolia Yip et al, 17 reported no significant difference in cataract progression using the LOCS III classification system, between the LPI group and the rest of the study population, 6 years after the LPI for PAC. Even though the available information is scanty, it appears from some studies that LPI can have an effect on the cataract progression. While other factors such as postiridotomy inflammation and the use of topical steroids could potentially increase the risk of cataract formation we believe the short course (four times a day for a week) is unlikely to be contributory. All lasers were performed at the same centre by one of the study ophthalmologists. Since PACS can be related to increased lens thickness secondary to increasing nuclear sclerosis, the resultant index myopia could contribute to earlier cataract surgery in these eyes. The rates of cataract surgery (2.6% in the LPI group and 1.5% in the rest) were small and not statistically significant ( p=0.45) for both groups and the very early nuclear sclerosis, which is usually associated with significant refractive change, were excluded in both groups by definition. There are an estimated 21 million persons with PACS in India. 18 It may not be possible or essential to treat all people with PACS with LPI. It is not possible because of constraints in the resources and not needed because of the very low risk of progression. 6 7 In the initial report on the natural history of PACS, angle width of treated eyes increased following LPI and remained stable for 6 months, then showed significant decrease in 18 months. At the present point of time LPI has not shown any great advantage over observation for PACS. 19 The Asia Pacific Guidelines for glaucoma do not recommend LPI for all PACS mainly because the natural history of PACS is not well known. 20 For the Indian population, the leading cause of blindness is cataract and there are limited healthcare and financial resources to tackle cataract blindness. [21] [22] [23] Any potential increase in the cataract burden (such as following LPI) can have an adverse effect on the blindness eradication programme. For the present our findings strengthen the rationale behind continuing to follow the Asia Pacific Guidelines for glaucoma-LPI for select cases of PACS, all cases of PAC and PACG.
In conclusion, in the present study, we report significant cataract progression in 6 years following LPI for PACS. Our findings contribute towards therapeutic decision-making for asymptomatic and slowly progressive PACS. However, one should not forget the beneficial role of LPI for PAC, PACG and in preventing acute PAC.
